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1 : 
This invention relates to a pectinesterase 
which is free from the enzyme, that splits the 
pectin chain, here in termed polygalacturonase, 
and to a method Whereby such Pectinesterase is 
prepared. " 
Pectin acid and low-methoxyl pectin are val- 
uable congealing agents Or $elling aggnts,-par- 
ticularly when they are combined  with polyvalent 
metals to form salts. The effectiveness of low- 
methoxyl pectin depends upon the degree of de- 
methylation, the position of the retained methyl 
groups, and the extent of degradation. 
As is known, pectin is obtained from plants by 
extraction and precipitation änd as obtained has 
a methyl ester content of 10% to 14%. By the 
action of a pectinesterase (sometimes referred 
to as a pectase) methyl ester groups are hy- 
drolyzed. The partially demethylated prodhcts 
derived from pectin are here termed low-meth- 
oxyl pectins, although these are sometimes 
termed pectinic acids. These appear more ef- 
fective in some cases for forming gels than the 
completely demethylated product called pectic 
acid. Since hydrolysis with the aid of enzymes 
is capable of giving the intermediate acids and 25 
of yielding low-methoxyl pectins having a high 
gelling power, enzymes present an advantage over 
alkalies or acids as hydrolytic agents. Yet the 
esterases which bave heretofore been known and 
which retain activity ai the normal pli of pectin; 30 
namely, about pli 3.5, bave been accompanied 
by an appreciable proportion of polygalacturo- 
hase which causes splitting of the pectin chaln. 
There then results' a substantial .loss in gelling 
power for a given weight, of pectin, low-meth- 35 
oxyl pectin, or pectic acid. 
A method has now been discovered whereby a 
pectinesterase is prepared by means of which 
pectin is demethylated up fo about 75% with- 
out breaking down the pectin molecule. It has 40 
been round that the enzyme systems which bave 
heretofore been prepared and f0und to be suitable 
for acting upon pectin ai ifs normal pli contain 
both polygalacturonase and pectinesterase. 
There bas hOt been known untll now any practi- 45 
cal method for destroying one of such enzymes 
without extensively deactivatlng the other in the 
mixture. 
Pectinesterase free from polygalacturonase or 
so low in the latter that it has no untoward er= 50 
fect on the gelling power of the demethylated 
product is prepared by making a solution of a 
polygalacturonase-pectinesterase, enzyme system 
and of urea or thiourea and allowing the solution 
containing said enzyme system and the urëa fo  
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stand until the activity of the polygalacturonase 
is no longer evident. The pectinesterase may 
then be isolated. 
As source of the pectic enzyme preparations, 
5 enzyme systems may be prepared from the 
growth oî organisms on nutrient media. Various 
bacteria are known fo produce îerments acting 
on pectin. - A preîerred source is from mold îungi 
grown on such media as cereals including wheat 
10 or rice bran, wheat middiings, soya bean meal, 
and the like, particularly when these are supple- 
mented by the addition of pectin. Suitable for 
the production of pectic ferments on these ma- 
terials are various members oï the As,pergillus 
15 group such as Aspergillus niger, Aspergllus 
ïavus, Aspergillus oryzae, Aspergillus ]umga$us, 
Aspergills parasi$ans, Aspergillus $amari, As- 
pergillus wen$ii, and also such organisms as 
lhizopus ri$ici, lhizopus nigricans, Penicillium 
20 glaucum, etc. 
Extracts may be made from the culture and 
treated directly with urea. Alternatively, the 
extract may be combined with a water-miscible, 
volatile, organic s01vent such as methanol, eth- 
anol, isopropanol, or acetone, and the enzymes 
precipitated, and separated. The enzymes thu. 
isolated comprise a mixture of polygalacturonase 
and pectinestrase and are redissolved in water 
for treatment with ürea Or thiourea er a mixture 
thereof. 
The destruction or deactivation of the poly- 
galacturonaseis accomplished by treating the 
mixture of polygalacturonase and pectinesterase 
with aqueous urea solution which is highly 
concentrated.. If is preferred that the molality of 
the solution of urea be about 6 to .6.6 moles per 
liter. Practically saturated solutions of thiourea 
are preferred. 
The rime required for treatment with urea 
Varies from about tWO minutes fo 48 hours. The 
exact te will depend upon the particular en- 
zyme system being treated, its concentration, 
the pli of th e treating solutïon, and the tempera- 
ture thereof. With increasing temperature, as 
might be expected, the rime requiredfor treating 
is lessened. Thus, while tmes of six to eight 
hours are stisfact0rY at3 c the poygalac- 
turonase activity disappears.in two fo rive min- 
utes ai 60 ° C. and the period of treatment should 
hOt be prolonged af such a high temperature 
since some pectinesterase will be lost under these 
conditions. Temperatures down fo about 5 ° C. 
may be used with compensating extension of 
tirae Up tö 48 hours. In any case the solution of 
enzymes and uea is allowed fo stand until the 
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activity of the polygalacturonase has substan- 
tially disappeared. Preferred conditions of 
standing are between 30 ° C. and 45 ° C. ïor a 
period from eight hours to one hour. 
Vith thiourea pïeferred temperatures are 
somewhat less than with urea, a range of 5 ° C. to 
30 ° C. being effective ïor destroying the poly- 
galacturonase appreciably more rapidly than the 
pectinesterase. Thus, when a solution of poly- 
galacturonase and pectinesterase was approxi- 
mately saturated with thiourea, the activity of 
the polygalacturonase was reduced to 0.1% of ifs 
original activity in 26 hours at both 15 ° C. and 
25 ° C. While some of the activity oï the pectin- 
esterase was lost, the solutions still showed con- 
siderable activity therefrom. 
The pli of the treating solutions is desirably 
held between 6 and 8 and is best when on the 
acid side of neutrality, for there is then the least 
loss of pectinesterase. 
The pli at which treating with a urea may be 
accomplished is hot, however, confined to 6 to 8. 
Particularly with enzyme systems developed by 
growing fungi on nutrient medi the range of 
ptt maY be much lower since these pectinesterases 
are stable even ata pli as low as 1.5. The treat- 
ment bas also been successful ata ptt above.9. 
The range of 1.5 to 9.5 may thus be used, even 
though the most êffective ptt for the actual utili- 
zation of the pectinesterase is slightly on the 
acid side. Because the enzymes of fungal origin 
are effectively used ata ptt below 4, they forma 
preferred class of materials. The imPortance of 
their stability and utility at low ptt's lies in the 
fact that the natural ptt of pectin and of fruit 
juice is below 4. 
In the treatment of enzyme systems with urea, 
if is convenient fo work with relatively concen- 
trated solutions of enzymes. Thus, extracts con- 
taining 10% fo 40% of solids are suitable and 
urea may be dissolved therein at concentrations 
of about 500 grains or more per liter of such ex- 
tract. Where the enzymes bave been thrown 
down through solvent precipitation, there may 
be ruade up solutions containing 5% fo 40% of 
the solvent-precipitated product. Iï the precipi- 
tare is hot completely water-soluble, the solution 
may be filtered belote treatment with urea. 
After the urea-enzyme solution bas stood for 
a suitable rime, it may be examined ïor poly: 
galacturonase activity and, when this has sub- 
stantialy decreased, the solution is worked up. 
The pectinesterase is recovered from solution by 
addition of a water-miscible, volatile, organic 
solvent. Ethanol is the solvent of first choice. 
The precipitation is best accomplished in the 
coid, temperatures of 5 ° C. to 20 ° C. being par- 
ticularly suitable. 
The amount of solvent added may be varied 
from about three fo ten volumes per volume of 
treated enzyme solution. The precipitate may be 
separated and washed by decanting and filtering. 
It may be separated by centrifuging from solu- 
tion. The separated precipitate is dried at room 
temperature up fo about 50 ° C. or more without 
loss oZ activity. 
-Illustrative examples o the preparation of 
pectinesterase essentially free of the enzyme 
spliting he pectin chain follow. 
Exampe 1 
A nutrient medium was prepared by mixing 
1500.parts by weight of bran, 2200 parts of apple 
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in an autoclave fo sterilize it and then inoculated 
with a suspension of spores of a selected strain 
of Aspergillus niger in 1000 parts of water. The 
culture was incubated at 25 ° C. to 35 ° C. for 48 
5 hours and then dried at about 50 ° C. It was thon 
extracted with water and four fractions were 
collected, having densities of 16.8 ° Brix, 15.8 ° 
Brix, 9.6 ° Brix, and 4.5 Brix respectively. The 
first two contained 88% of the enzyme activity. 
10 These extracts were then treated with urea, 
500 grains thereoï being added ïor each liter of 
extract. The pli of the solution was adjusted fo 
6.7 by the addition of 12 parts of ammonia water 
per liter of solution. The solution was then 
]5 warmed to 35 ° C. and maintained at this tem- 
perature for six hours, during which time if was 
stirred from time to time. 
The solution was then chilled to 15 ° C. and ad- 
justed to a pli of 5.5 with acetic acid, 10 grains of 
20 glacial acetic acid being required per liter fo ac- 
complish this purpose. Five volumes of ethanol 
were then added per volume of the solution. A 
precipitate was formed which soon settled. The 
supernatant liquor was taken off by decantation 
25 and the precipitate suspended in three volumes 
of cold alcohol. The precipitate was separated 
by centrifuging and dried in a rhin layer at 40 ° C. 
There was obtained 53 grains of product per liter 
of extract treated. 
30 This product was round to be effective in 
demethylating pectin, yielding low-methoxyl 
pectins which had high gelling power. Conver- 
sion of those low-methoxyl pectins to calcium 
salts by treatment with soluble calcium salts gave 
35 jellies at low concentrations without the use of 
the amounts of sugar which are ordinarily re- 
quired to yield relatively rigid gels. Furthermore, 
the calcium salts obtained are useful for filming 
foods. 
40. Exaple 2 
A nutrient medium as above was inoculated 
with a selected strain of Penicillium glaucum 
spores and incubated at '35 ° C.-40 ° C. for 36 hours. 
45 The extract therefrom had a density of 18 ° Brix. 
To a portion of 1500 ml. of this extract was added 
750 grains of urea and the mixture stirred untfl 
the .urea was all dissolved. The ptt of the solu- 
tion was 5.5. It was adjusted to 6.5 by the addi- 
5O tion of 25 ml. of 28% ammonia. The total volume 
was then 2090 ml. The solution was held at 40 ° 
C. for 90 minutes with frequent stirring. The 
mixture was chflled te 15 ° C. and treated with 
11 grams of glacial acetic cid fo .adjust the pli 
55 to 5.5. To this solution were added 10.5 liters 
of cold ethyl alcohol. After the mixture had 
been thoroughly stirred, it was allowed to stand 
in the cold.. The clear supernatant liquor was 
drawn off and the precipitate washed with four 
60 liters of ethyl alcohol. The precipitate was again 
allowed fo settle, the clear liquor drawn off and 
the precipitate ,collected on a filter. The pre- 
cipitate was dried at 50 ° C. for three hours. The 
yield was 112 grains of .product rich in pectin- 
65 esterase büt free of 99.98% of the original poly- 
galacturonase content. 
ExampZ 3 
A nutrient mixture was inoculated with a strain 
70 of Aspergillus oryzae known to produce poly- 
galacturonase-pectinesterase in good yields and 
was .,incubatel by methods such as set forth 
above. The extract from the culture was treated 

pomace, 100 parts of diammonium phosphate, with alcohoi, and t-he enzFmes precipitated and 
and 2600 parts of water. The mixture was heated 7 thensepargted. The ;product thus obtained 
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 concenrate of, both po]yga]acturonase and 
pectinesterase. 
A portion of one hundred grains of this dried 
product was dissolved in water. This solution 
was ad3usted fo a volume of one ]iter and treated 
with 500 grams of urea which was dissolved with 
agitation. The pli of the solution was 6.15. If 
was 'adjusted to 6.5 by the addition of 4 ml. of 
28% ammonia water. The total volume was now 
1330 ml. The solution was brought fo 35 ° C. and 
held ai this temperature for 90 minutes. It was 
then chilled to 10 ° C.-15 ° C. and adjusted to a 
pli of 5.5 with glacial acetic and mixed with 
6650 ml. of cold ethyl alcohol. The precipitate 
which formei was allowed to settle and the super- 
natant liquor taken off. The irecipitate was 
agitated'with 2200 ml. of - cold ethYl alcohol and 
again allowed fo settle. The precipitate was 
separated by centrifuging and dried at 50 ° C. 
The yield was 71.3 grams of a product rich in 
pectinesterase and a]most entirely free of poly- 
galacturonase. 
Example 4 
There were taken 2000 ml. oï an extract con- 
taining 13.5% of solids, which was obtained by 
treating a culture medium on which Aspergillus 
]lavus-oryzae had been grown as in the above 
examples. There was added 1000 grams of urea 
and the mixture stirred until the urea was dis- 
solved. The pli was adjusted fo 6.75 with am- 
monia water while the solution was held at 15 ° C. 
If was then heated fo 35 ° C. and maintained af 
this temperature for eight hours with continuons 
stirring. The solution was then chilled to 15 ° C. 
and adjusted fo a pli o£ 6 with acetie acid. The 
solution was then stored at 0 ° C. overnight. The 
volume at this point was 2680 ml. 
After the solution had been thoroughly stirred, 
and while stirring was continued, there were 
added ten li-ters of cold ethyl alcohol. The pre- 
cipitate which ïormed was permitted fo settle. 
The supernatant liquor was drawn off and two 
liters of cold alcohol added fo the settled pre- 
clpitate. The precipitate was again allowed fo 
settle, the supernatant liquor drawn off, and 
the washing step repeated. The precipitate was 
finally collected in a centrifuge and dried in a 
desiccatoi. The product weighed 120 grams. If 
was a highly active pectinesterase and exhibited 
no noticeable activity in respect fo polygalac- 
turonase. 
Exa.mple 5 
An extract from a culture of a selected strain 
of Aspergillus orYzae was treated with alcohol 
and a precipitate of enzymes was obtained. The 
precipitate contained both polygalacturonase and 
pectinesterase. About 50 grains of this product 
was dissolved in a half-liter of water. Thiourea 
was added thereto until the solution was almost 
saturated. The solution was held ai about 25 ° C. 
for 24 hours, af which rime if was round that the 
polygalacturonase activity was only 0.1% of the 
original aetivity. The solution was chilled to 
5 ° C.-10 ° C., brought fo a pli of 5 with acetic 
acid, and treated with cold ethyl alcohol. A pre- 
clpltate ïormed and was separated. It was rich 
in pectinesterase and almost free of polygalac- 
turonases. 
When 0.02 grain of any of the above prepara- 
tions of pectinesterase is added fo a solution af 
pli 3.5 oï 2 grains of pectin and 0.7 gram of cal- 
cium acetate in 100 ml. of water and the mixture 
is heated at 40 ° C. for 60 to 90 minutes, a rigid 
gel ls foimed when the mixture is cooled. 

The pectinesterases prepared as in the aboyé 
examples are useful for demethylating pectin Up 
fo about 75%. When a desired extent of hydroly- 
sis hs been obtained, the pectinesterase can be 
5 deactivated by rgising the temperature fo about 
75 ° C. or more. The partially methoxylated pec- 
tin may be lef in solution. Such a solution may 
be nsed to form gels of fruit juices. The addi- 
tion of calcium ions to such solutions assists in 
1o producingrigid gels. In addition, a ]ow-methoxyl 
iectin may be irecipitated from solution after ac- 
tion of a pectinesterase by treating a solution 
thereof with a water-miscible solvent such as 
ethanol. 
15 When ä solution of pectin is acted upon by the 
pectinesterase of this invention, the pectin is de- 
methylated without appreciable 'change in the 
viscosity of the solution. This provides a test 
for distinguishing the product of this invention 
20 from previously known enzyme systems acting 
on pectin. This test, considered in conjunction 
with the fact that the pectinesterase produced is 
effective af a pli of 3.5 and lower, provides posi- 
tive identification of the enzyme here-disclosed, 
2.5 and distinguishes it from previously known 
enzymes. 
A typical illustration of the action of the 
enzyme of this invention follows. A solution of 
1.55 grains of pectin in 50 ml. of water was pre- 
30 pared and treated with 370 mg. of the pectine- 
esterase of this invention. It was maintained at 
40 ° C. and from rime fo rime acidity and viscos- 
ity were determined. At the end of one hour if 
was round that 30 % of the ester groups had been 
35 demethoxylated. The viscosity, determined in a 
viscometer as 114 secs., was'found unchanged 
from that of the original solution. After six 
hours it was found that 54% demethoxylation 
had taken place. The viscosity was then 113 
4O secs., again essentia]ly unchanged. 
A pectin solution as above-treated with fungal 
enzymes which bave not been treated accord- 
ing fo this invention changed rather rapidly in 
viscosity as the pectin chain is split. For ex- 
45 ample, a solution of 1.55 grams of pectin in 50 
ml. of water was treated with 10 mg. of the pec- 
tinesterase-polygalacturonase mixture. In 15 
minutes at 40 ° C. the solution decreased in vis- 
cosity to 27 secs. This corresponds fo a consid- 
5O erable loss of gelling power for a given weight of 
pectin. This ]oss is avoided when pectinesterase 
is prepared essentially free of polygalacturonase. 
We claire: 
1. A process for preparing pectinesterase sub- 
55 stantially free from polygalacturonase which 
comprises treating ai a pli between 1.5 and 9.5 
an aqueous solution of an enzyme system contain- 
ing both polygalacturonase and pectinesterase 
with a member of the class consisting of urea and 
6o thiourea at a high concentration in saïd solution, 
the temperature of treating being between 5 ° and 
60 ° C. when urea is used and between 5 ° and 30 ° 
C. when thiourea is used. 
2. A process for preparing pectinesterase sub- 
65 stantia]ly free from polygalacturonase which 
comprises forming an aqueous solution having a 
pli between 1.5 and 9.5 and containing 6 to 6.6 
moles per liter of urea and an enzyme system of 
7O polygalacturonase and pectinesterase, permitting 
said solution to stand at 5 ° C. to 60 ° C. until ac- 
tivity of polygalacturonase bas substantially dis- 
appeared,- and separating pectinesterase from said 
solution. 
75 3. A process for preparing pectinesterase sub- 



Çtrt.ia!!Y free fr0 p.o.lyg!.actFopase hch 
compses forng an alUeOçs s01ution t a pli 
between 6 and 8 Qf a ezY m..ç system conta.ining 
polygalacturÇnse anal pectpesters e, aç.d.ing 
thereto abou t 500 gçams o u_'ea per liter Of saiç! 
solution, allowing the resulting souç!on tq stand 
at 5 ° C. to 60 ° C. until pÇ.lygalacturonase activ- 
ity hÇS substantially disappeared, and sepaating 
pèctinesterase from the sblution. 
4. A pr0cess for preparing Pectinesçeras e sub- 
ÇtaniÇv free from p01ygacturonase wich 
comprises forming an aqueous solution at 
betvïeen 1.5 and ï which 0ntains polY!C 
turonase and pectinesterase and 6 to 6. !np!e s 
per liter of urea, alowing this solution tÇ stand 
at 30 ° C. to 45  C. for a rime from eight hOrs 
to one hour, nd iseparting pectinesterase 
th.e 
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5. The pçcesÇ qf cl!m 4 in which .the ¢zymes 
are of fungal origin. 
CAR L V. 
BIY .B!N DI%AIç_E. 
JO!!N A/MSTRONG I .L..EI. 
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